Abstract-Characteristics of the acquisition processes of discrete lever-press and shuttle avoidance responses (intertrial interval=25 sec, warning duration=5 sec with an escape contingency, and 1 session=l hr training/day) as well as those of the ambulatory activity were investigated in 6 strains of mice (dd, ICR, BALB/c, C57BL/6, C3H/He and DBA/2).
Abstract-Characteristics of the acquisition processes of discrete lever-press and shuttle avoidance responses (intertrial interval=25 sec, warning duration=5 sec with an escape contingency, and 1 session=l hr training/day) as well as those of the ambulatory activity were investigated in 6 strains of mice (dd, ICR, BALB/c, C57BL/6, C3H/He and DBA/2).
In the lever-press avoidance situation, the dd, BALB/c and DBA/2 strains demonstrated a good avoidance response, showing average avoidance rates of higher than 80% within 10-15 sessions of the training. The C3H/He also demonstrated a good avoidance response, though 20 sessions or more of the training were required to attain to the level. The ICR and C57BL/6 strains demonstrated a poorer avoidance response than the other 4 strains, and achieved average avoidance rates of 30-40%.
The dd, BALB/c, C3H/He and DBA/ 2 strains also demonstrated a good shuttle avoidance response when they were trained in an experimental box of 50 cm in width.
In contrast, the ICR and C57BL/ 6 strains demonstrated an extremely poor avoidance response in this situation, showing an average avoidance rate of less than 10%. However, when the dd, ICR and C57BL/6 strains were trained in a shuttle box of 30 cm in width, they rapidly acquired the avoidance response, and the average avoidance rates finally achieved were much higher than those of the mice trained in the shuttle box of 50 cm in width.
In particular, the C57BL/6 strain exhibited the best avoidance response among the 3 strains. The ambulatory activity of the C57BL/6 strain was less than those of the other 5 strains.
Conditioned avoidance response in rodents has been widely applied for preclinical evaluation of psychotropic drugs. Further more, the acquisition processes of con ditioned avoidance responses have received much attention for evaluation of nootropic and/or antidementia drugs.
In the conditioned avoidance experiments in mice, shuttle-type avoidance has been commonly applied to investigate genetic influence on the acquisition processes and to study the effects of psychotropic drugs (1 10). We newly assembled an operant chamber for lever-press avoidance response in mice (11) and demonstrated that the dd strain of mice acquired well a discrete lever-press avoidance response (12). We also reported that the changes in the avoidance response induced by several types of psychotropic drugs were qualitatively identical with those in the Wistar strain rats (12-14).
It has been well known that there are marked differences among strains of mice in their behavioral characteristics and in the sensitivity to psychotropic drugs. With respect to the conditioned shuttle avoidance response, many researchers reported strain differences not only in the acquisition processes (1-7, 9, 15-17), but also in the drug-induced changes in the avoidance response (1, 3, 10, 15, 17) . However, it should be recognized that the response topographies are different between the shuttle and lever-press avoidance responses.
In a previous study, we (18) compared the characteristics of the discrete lever-press and shuttle avoidance responses in dd strain mice. It is also necessary to examine strain differences in both types of avoidance responses.
Materials and Methods

Animals
The experimental animals were male mice of dd, ICR, BALB/c, C57BL/6, C3H/He and DBA/2 strains. The color of body hair of the dd, ICR and BALB/c strains was white, and those of the C57BL/6, C3H/He and DBA/2 strains were black, gray and brown, respec tively. The dd strain mice were provided by the Institute of Experimental Animal Research, Gunma University School of Medicine, and the other 5 strains of mice were purchased from Charles River Japan, Inc. (Atsugi). These mice were housed in groups of 8-10 in aluminum or acrylfiber cages of 30 (W) x 20 (D)x10 (H) cm with a wooden-flake floor mat (White-Flake: Charles River Japan, Inc.), and the animals were freely given solid diet (MF: Oriental Yeast Co., Tokyo) and tap water except during times of the experiment. The breeding room was controlled so that the light-dark schedule (light period: 6:00 18:00) and room temperature (23±2'C) were relatively constant.
When the mice were 10 weeks of the age and weighed 28-32 g in the dd and ICR strains, and 23-28g in the BALB/c, C57BL/6, C3H/He and DBA/2 strains, the training in the discrete lever press or shuttle avoidance situation was started. Numbers of the mice trained in the avoidance situations are presented in Figs. 1-3. In addition, the other 20 mice of each strain were used in the experiment to study ambulatory activity. The experiment was carried out at the age of 12 weeks. Apparatus and procedure 1) Avoidance: Three equivalent sets of the behavior-controlling and data-recording apparatus (GT-7705 and GT-771 5, respec tively; O'Hara & Co., Ltd., Tokyo), which were the same as those used in our previous experiment (11-14), were used in the present experiment.
The experimental box for the lever-press avoidance (GT-8310; O'Hara & Co., Ltd.) was made of acrylfiber and aluminum boards with dimensions of 18 (W) x9 (D) X10 (H) cm. A stainless steel lever of 2 cm in width and 5 cm in length, which could be activated with a force of more than 1.5 g, was vertically set in the side wall 1 cm over the floor grid at the bottom. A speaker for presenting a warning stimulus was set in the ceiling. The box was used only for the experiment in mice.
Two different sizes of the experimental boxes for the shuttle avoidance were used in the present experiment. They were made of acrylfiber and aluminum boards.
The dimensions of the larger box (GT-7750; O'Hara & Co., Ltd.) were 50 (W)x15 (D) x20 (H) cm with 2 photo-beams arranged 36 cm apart, and the dimensions of the smaller box (GT-8450; O'Hara & Co., Ltd.) were 30 (W)x9 (D)x15 (H) cm with 2 photo-beams arranged 18 cm apart. A speaker for presenting a warning stimulus was set in the ceiling of each box. These boxes were used only for the experiment in mice.
The temporal parameters of the discrete avoidance schedule (19) were as follows: an intertrial interval of 25 sec and a warning duration of 5 sec. The warning stimulus was an 800 Hz pure tone from the speaker. The shock was an electric current of 100-1 50 V, 0.3-0.5 mA, 50 Hz AC, and was given to the mouse through the stainless steel floor grid of the experimental box. The shock intensity was individually controlled according to the sensitivity of the mouse to the shock. The maximum duration of the shock presentation was 3 sec, and an escape contingency was inserted in the schedule. Each session con sisted of 1 hr training per day (120 avoidance trials/session) and was held every other day for a total of 12-15 sessions or more. The indices of the avoidance response were response rate (lever-pressings or shuttlings/ min) and avoidance rate (number of avoidance responses/number of avoidance trials). The avoidance experiment was carried out between 9 :00-18:00.
2) Ambulatory activity: For measurement of the ambulatory activity of the mouse, a tilting-type ambulometer of 20 cm in diameter (AM-10; O'Hara & Co., Ltd.) (20) was used. A mouse was put into the plexiglas activity cage, and the ambulatory activity counts were recorded for 60 min. The experiment was carried out between 13:00-15:00. 
Results
Acquisition of the avoidance responses 1) Lever-press avoidance: Figure 1 shows acquisition processes of the discrete lever press avoidance response in the 6 strains of mice in terms of the average response rate (upper panel), the average avoidance rate (middle panel) and the percentages of the mice showing an avoidance rate of higher than 75% (lower panel), which were con sidered to be good performers. There was a marked difference in the acquisition processes among the strains of mice. The dd, BALB/c and DBA/2 strains acquired well the avoidance response, and they showed average avoidance rates of about 80% within 15 sessions of the training. The ICR, C57BL/6 and C3H/He strains failed to achieve such a high level of the average avoidance rate until the 1 5th session, showing average avoidance rates of 50-60% in the 15th session. When the training was continued, however, the C3H/He strain finally showed an average avoidance rate as high as those of the dd, BALB/c and DBA/2 strains, although the ICR and C57BL/6 strains exhibited no marked improvement of the avoidance rate (not shown in the figure) . Finally, nearly 80% of the mice in the dd, BALB/c, C3H/He and DBA/2 strains achieved a critical level of the avoidance rate (75%), while only 30-40% of the mice in the ICR and C57BL/6 strains achieved the critical level. The average response rates were relatively higher in the dd and ICR strains, and they were lower in the BALB/c and DBA/2 strains than the other strains.
2) Shuttle avoidance response in the larger box: Figure 2 shows acquisition processes of the discrete shuttle avoidance response in the 6 strains of mice, which were trained in the larger box of 50 cm in width, in the same way as in Fig. 1 . The rank order of the average avoidance rates was almost the same as that observed in the lever-press avoidance situation. Thus, the dd, BALB/c, C3H/He and DBA/2 strains acquired well the shuttle avoidance response within 10 sessions of the training, and they exhibited average avoidance rates of higher than 80%. As demonstrated in the lever-press avoidance situation, the acquisition of the shuttle avoidance response in the C3H/He strain was more delayed than those in the dd, BALB/c and DBA/2 strains. In the 10th session and later, 80% or more of the mice in the dd, BALB/c, C3H/He and DBA/2 strains achieved a critical level of the avoidance rate. There was no marked difference in the average avoidance rates as well as the percentages of the mice showing the critical level of the avoidance rate between the lever-press and shuttle avoidance situations in these 4 strains. However, the acquisition speed was faster in the shuttle avoidance situation than in the lever-press avoidance situation. In contrast, the acquisition of the shuttle avoidance response in the ICR and C57BL/6 strains was extremely inferior to the other 4 strains. The average avoidance rates of the ICR and C57BL/6 strains were always less than 10% throughout 15 sessions of the training, and there was no case which exhibited an avoidance rate of higher than 75%. Although the training was continued, these 2 strains did not show an improvement of the avoidance response.
The average response rate of the C57BL/6 strain was comparatively lower than those of the other 5 strains. were the same as those in the lever-press avoidance situation as described in Fig. 1 . The data are shown in the same way as in Fig. 1 . However, the response was a shuttling.
3) Shuttle avoidance response in the smaller box: Figure 3 shows acquisition processes of the discrete shuttle avoidance response in the dd, ICR and C57BL/6 strains, which were trained in the smaller box of 30 cm in width, in the same way as in Figs. 1 and 2. The acquisition speeds were faster in the smaller box than in the larger box. Furthermore, the average response and avoidance rates finally established as well as the percentages of mice achieving the critical level were higher in the smaller box than in the larger box. The most interesting result was observed in the C57BL/6 strain. Although the C57BL/6 strain exhibited the lowest avoidance rate in the lever-press situation and in the shuttle situation using the larger box, this strain excellently acquired the shuttle avoidance response in the smaller box within the 2nd session of the training, showing the best acquisition among the 3 strains. In contrast, the ICR strain demonstrated the poorest result in this situation as well as in the lever-press situation and shuttle situation using the larger box. However, there was no marked difference in the response rates among the 3 strains.
Ambulatory activity: Figure 4 shows the ambulatory activity counts during 1 hr observation period in the 6 strains of mice. The average activity count of the C57BL/6 strain was significantly less than those of the other 5 strains (P<0.01, Student's t-test). The average activity count of the BALB/c strain was significantly less than those of the dd and ICR strains (P<0.01 and 0.05, respectively). of the avoidance schedule were the same as those in the lever-press avoidance situation as described in Fig. 1 . The data are shown in the same way as in Figs. 1 and 2 . Fig. 4 . Ambulatory activity counts in the dd, ICR, BALB/c, C57BL/6, C3H/He and DBA/2 strains of mice. The ambulatory activity of each mouse was measured for 1 hr with a tilting-type ambulometer. Twenty mice of each strain were used in this experi ment. The C57BL/6 strain showed a significantly lower activity count than those of the other 5 strains (P<0.01, Student's t-test). The BALB/c strain showed a significantly lower activity count than the dd and ICR strains (P<0.01 and 0.05, respectively).
Discussion
The present experiment demonstrated that there were marked differences in the acquisition of the discrete lever-press and shuttle avoidance responses among 6 strains of mice.
In the lever-press avoidance situation, the dd, BALB/c, C3H/He and DBA/2 strains acquired well the avoidance response, while the ICR and C57BL/6 strains showed comparatively poorer avoidance response than the other 4 strains. A similar result was also demonstrated in the shuttle avoidance situation using the larger box. These results are almost identical with those reported by Bovet et al. (1) and Oliverio (15) except for the result in the C3H/He strain. They reported that the C57BL/6 and C3H/He strains were much inferior to the DBA/2 strain in the acquisition of the discrete shuttle avoidance response in which a light was presented as the conditioned stimulus. However, it has been well-known that the C3H/He strain has rodless retinas and that this strain acquired fairly well the avoidance response in a discrete shuttle avoidance situation in which buzzer tone was used as the conditioned stimulus (2, 21, 22) or in a continuous shuttle avoidance situation in which no conditioned stimulus was presented (17). It is therefore important to select the conditioned stimulus to study acquisition of the discrete avoidance response in mice. However, the retardation of the acquisition observed in the C3H/He strain may reflect the visual dysfunction.
On the other hand, when the dd, ICR and C57BL/6 strains were trained in the shuttle avoidance situation using the smaller box, the acquisition in these mice progressed more rapidly than in mice trained in the larger box. In particular, the acquisition of the C57BL/6 strain was superior to that of the dd strain, and the former strain demonstrated an establishment of a high level of the avoidance rate within the 2nd session. The average response rate of the C57BL/6 strain was lower than the other 5 strains in the shuttle avoidance situation using the larger box. However, there was no marked difference in the response rate among the dd, ICR and C57BL/6 strains in the shuttle avoidance situation using the smaller box. In the shuttle avoidance situation, the mouse has to move in the experimental box. Thereby, the general activity level of the mouse may strongly affect the acquisition of the shuttle avoidance response.
In fact, Messeri et al. (4) and Oliverio et al. (5) reported that the acquisition of the shuttle avoidance response was closely correlated, showing a correlation coefficient of higher than 0.7, with the general activity level. The C57BL/6 strain exhibited a much lower ambulatory activity as well as a lower response rate in the shuttle avoidance situation using the larger box. It is therefore considered that the inferior avoidance response in the C57BL/6 strain, which was demonstrated in the lever-press situation and in the shuttle situation of the larger box, is not simply due to a lower learning ability, but rather partially reflects a lower level of general activity. In contrast, the ICR strain exhibited an inferior avoidance response to the other strains in the lever press avoidance situation as well as in the shuttle avoidance situation using both the larger and smaller boxes. This result suggests that the learning ability of the ICR strain is lower than those of the other 5 strains in the avoidance situation of both lever-press and shuttle types. 
